Objective: To elucidate how lncRNA 00668 (LINC00668) influences the development of breast cancer (BC). Materials and methods: Genome-wide expression profile of BC and paracancerous tissues were downloaded from The Cancer Genome Atlas (TCGA) and BC tissues and paracancerous tissues enrolled from our hospital for analyzing the expression level of LINC00668 and its correlation with prognosis. GSEA was conducted to analyze the potential functions of LINC00668. By transfection of sh-LINC00668 in BC cells, proliferation, apoptosis, cell cycle and colony formation of BC cells were accessed. Western blot was conducted to detect protein expressions of Ki-67, CDK4, Bcl-2, p21 and genes in AKT/mTOR pathways after LINC00668 knockdown in BC cells. Finally, tumor-bearing nude mice were administrated with BC cells. We compared the proliferative rate in mice with different administrations. Immunohistochemistry was carried out to access expression levels of Ki-67, CDK4, Bcl-2 and P21 in mice. Results: Both TCGA data and BC tissues harvested from our hospital indicated the higher expression of LINC00668 in BC tissues. LINC00668 expression was negatively correlated to prognosis of BC patients. GSEA pointed out that LINC00668 is enriched in regulations of cell cycle and apoptosis. By transfection of sh-LINC00668 in MDA-MB-231 and MDA-MB -436 cells, the proliferative and colony formation abilities of BC cells decreased. Besides, LINC00668 knockdown in BC cells induced apoptosis and arrested cell cycle. LINC00668 knockdown downregulated Ki-67, CDK4 and Bcl-2, but upregulated p21. The AKT/mTOR pathway was inhibited after LINC00668 silenced. In vivo experiments demonstrated the decreased proliferative rate in tumor-bearing mice administrated with sh-LINC00668 transfected BC cells. Consistently, immunohistochemical results showed lower positive expressions of Ki-67, CDK4 and Bcl-2, but higher positive expression of p21 in sh-LINC 00668 group. Conclusion: LINC00668 is highly expressed in BC tissues and can promote the progression of BC by inhibiting apoptosis and accelerating cell cycle progression.
Introduction development of molecular biology, we found differentially expressed genes that are associated with various biological behaviors of BC through the analysis of gene expression profiles. Currently, comprehensive treatments include surgery, radiotherapy and chemotherapy for BC have been well applied. However, the low detective rate of early-stage BC limits its therapeutic efficacy. Hence, it is of great significance to elucidate the molecular mechanism of BC, so as to improve early diagnostic rate and clinical outcomes of BC.
LncRNA is a kind of RNA molecule with a length of 200 nt and it could not encode proteins. 4 Recent studies have confirmed the role of lncRNAs in the occurrence and progression of diseases. 5 LncRNAs participate in multiple biological processes, such as proliferation, apoptosis, differentiation, metastasis and stem cell pluripotency. [5] [6] [7] The regulatory forms of lncRNAs are multifaceted, and they could regulate gene expressions at epigenetic, transcriptional and post-transcriptional levels. 8 It is reported that lncRNAs are involved in the tumor development as oncogenes or tumor-suppressor genes. 8, 9 In particular, some certain lncRNAs have exerted their remarkable roles in BC development. 10, 11 For example, lncRNA H19 is highly expressed in BC tissues, which is associated with ER and PR. LncRNA H19 regulates proliferation and invasion of BC by regulating HIF-1α, P53 and E2F1. 12 LncRNA MALAT1 is highly expressed in BC tissues and cell lines, which is capable of regulating BC proliferation by downregulating the expression of miR-124. 13 LncRNA UCA1
promotes proliferative ability of BC cells by inhibiting protein level of P27. UCA1 knockdown markedly arrests tumor cell cycle. 13 Therefore, lncRNAs are significant in the development of BC. Developing novel therapeutic target based on lncRNAs may contribute to improve the therapeutic efficacy of BC. Cell cycle is the process by which a cell divides to two daughter cells, which is the basic feature of cellular activity. 14 Since the cell cycle runs through the entire cellular life process, it is closely related to a variety of cellular biological behaviors. 15 New cells are continuously produced to participate in cell proliferation. The coordination and control of cell cycle, proliferation, differentiation and apoptosis exert an important role in the regulation of tumors, immune diseases, neurodegenerative diseases and viral infections. 16, 17 Studies have shown the crucial functions of lncRNAs in cell cycle regulation. LncRNA GAS5 inhibits proliferative rate of gastric cancer cells by accelerating cell cycle arrest in G1 phase through P21 regulation. 18 LncRNA PANDAR is highly expressed in thyroid cancer cells. Interference with PANDAR expression could suppress proliferation and cell cycle but induces apoptosis of thyroid cancer cells. 19 This study elucidated the regulatory role of LINC00668 in proliferative and apoptotic rate of BC cells. Our study provides references for diagnosis and treatment of BC.
Methods

Sample collection
Patients with BC treated in our hospital from 2007 to 2017 were enrolled. None of them received any preoperative treatments. All BC tissue samples were pathologically diagnosed. Paracancerous tissues were harvested at 5 cm away from the BC tissues and confirmed without any infiltration. Tissue samples were immediately preserved in liquid nitrogen. Sample collection was obtained from the written informed consent of patients and approved by the ethics committee of Naval Military Medical University and in accordance with the 1964 Helsinki declaration and its later amendments.
Data collection
Public breast cancer susceptibility genes transcriptome database (RNASeqV2: https://wiki.nci.gov.display/ TCGA/RNASeq+Version+2) and clinical data of BC samples (data version: 2018-01-28) were downloaded from http://gdac.broadinstitute.org/, including 1393 cases of BC samples and 212 cases of paracancerous tissues.
Survival analyses
BC samples were divided into two high and low expression groups using the survivalROC package with the gene expression boundary value of 3.225207. The overall survival curve was introduced using the survival package.
Gene set enrichment analysis (GSEA)
According to the expression level of LINC00668 in BC tissues, they were divided into high and low expression group. Data processing was conducted to identify the enriched pathways with the criteria of false discovery rates<0.25 and P<0.01 using GSEA 2.2.1 software.
Cell culture
BC cell lines (T47D, MCF7, MDA-MB-231and MDA-MB-436) and normal breast cell line (MCF-10A) were obtained from ATCC. MCF-10A cells were cultured in DMEM containing 10% FBS, and the others were cultured in RPMI 1640 containing 10% FBS. Cells were maintained in a 5% CO 2 incubator at 37°C.
Cell transfection
Construction of sh-LINC00668, vector ligation and transformation, preparation of competent cells, lentiviral packaging and recombinant lentiviral titer determination were completed by GenePharma, Co., Ltd. BC cells were seeded in the 24-well plate with 1×10 5 cells per well. Until cell confluence of 30-50%, 2 mL of fresh medium containing 5 ng/mL polybrene and lentiviruses (sh-NC, sh-LINC00668 1#, 2#, 3# or 4# with MOI=20) was added in each well. QRT-PCR was performed to verify the transfection efficacy 96 hrs later. Plasmid sequences were as follows: shRNA1# sense 5ʹ-CCACUCCCAUCCACUGU AGUGUAAA-3ʹ, antisense 5ʹ-UUUACACUACAGUGG AUGGGAGUGG-3ʹ; shRNA2# sense 5ʹ-GAAUCUUG GGCGGUCUGAAAUCUGA-3ʹ; antisense 5ʹ-UCAGAU UUCAGACCGCCCAAGAUUC-3ʹ; shRNA3# sense 5ʹ-GAGGCCUAUAAUGCAAAGATT-3ʹ; antisense 5ʹ-UCU UUGCAUUAUAGGCCUCTT-3ʹ. shRNA4# sense 5ʹ-GTCATATAAGGCTGTTTCGAGCC-3ʹ; antisense: 5ʹ-GG CTAAGGAGGTGTTAACCCGAAG-3ʹ. 
Quantitative reverse transcription polymerase chain reaction (qRT-PCR)
Immunohistochemistry
Paraffin-embedded tissues were deparaffinized, hydrated in ethyl alcohol and incubated with 0.3% H 2 O 2 for elimination of endogenous peroxidase activity. After rupture of nuclear membrane with 0.1% Triton X-100 for 30 mins and blockage with 5% normal donkey serum, slides were incubated with primary antibody at 4°C overnight and secondary antibody at room temperature for 1 hr. Immunohistochemistry results were captured using Nikon Eclipse 80i microscope.
EdU
BC cells were resuspended for cell density adjustment at 2×10 5 /mL. A total of 100 μL of suspension was seeded into each well of the 96-well plate. Until cell confluence, BC cells were incubated with 10 μmol/L EdU for 4 hrs, followed by staining with AdoLo and Hochest. EdU-positive cells were observed using a fluorescence microscope at the magnification of 100×.
CCK-8 assay
BC cells were resuspended for cell density adjustment at 2×10 5 /mL. A total of 100 μL of suspension was seeded into each well of the 96-well plate. Ten microliters of CCK-8 solution (cell counting kit-8, Dojindo, Kumamoto, Japan) was added in each well after cell culture for 24, 48, 72 and 96 hrs, respectively. The absorbance at 450 nm of each sample was measured by a microplate reader (Bio-Rad, Hercules, CA, USA).
Apoptosis determination
BC cells were collected and washed with PBS twice. Subsequently, BC cells were incubated with 500 μL of Annexin V and 5 μL of PI at room temperature for 10 mins in dark. Apoptotic cells were determined using the flow cytometry.
Colony formation assay
BC cells were prepared for cell suspension and seeded in the 6-well plates at a dose of 250, 500 and 1000 cells per well. Fresh medium was replaced every 2-3 days. Fifteen days later, cells were washed with pre-cooled PBS once and stained with 400 μL of crystal violet for 10-30 mins and captured using the microscope.
Cell cycle determination
BC cells were prepared for cell suspension and washed with pre-cooled PBS for three times. Cells were suspended in the mixture containing 0.1 mL of pre-cooled PBS and 1 mL of pre-cooled 75% ethanol. Subsequently, ethanol was washed with PBS and cells were incubated with PI and RNase A at a final dose of 50 ng/ml. After 37°C water bath for 30 mins in dark, cell cycle was determined using flow cytometry.
Construction of tumor-bearing mice model
BC cells in good condition were adjusted at a dose of 1×10 6 /mL. Healthy BALB/c nude mice with 5 or 6 weeks old were randomly assigned into sh-NC group (n=9) or sh-LINC00668 1# group (n=9). Right chest fat pad of nude mouse was sterilized with 75% ethanol and 100 μL of BC cell suspension transfected with sh-NC or sh-LINC00668 1# was administrated. Mice were observed every 3 days. The long diameter and transverse diameter of BC tumor were measured using the vernier caliper. Volume of the BC tumor was calculated: V (mm
). Mice were sacrificed 3 weeks later, and tumor samples were harvested for weight recording. The staining results were independently scored by the author and a pathologist to minimize subjectivity, and the experiments were approved by the Animal ethics committee of Naval Military Medical University.
Statistical analyses SPSS 22.0 statistical software was used for data analysis. Data were expressed as mean±SD. Measurement data and classification data were compared using the Student's t-test. P<0.05 considered the difference was statistically significant.
Results
LINC00668 was highly expressed in BC and negatively correlated with its prognosis
To explore relative lncRNAs in BC, we first downloaded the genome-wide expression profile data for BC and corresponding paracancerous tissues in The Cancer Genome Atlas (TCGA) ( Figure 1A) . Through data analyses, we found that LINC00668 is highly expressed in BC tissues compared with that of paracancerous tissues ( Figure 1B) . Further survival analyses revealed the negative correlation between LINC00668 expression and prognosis of BC patients ( Figure 1C ) in TCGA. Subsequently, we analyzed LINC00668 expression in BC tissues of GSE54002. The mRNA level of LINC00668 was markedly higher in BC tissues compared with that of paracancerous tissues in GSE54002 ( Figure 1D ). The differential expression of LINC00668 was identical in BC tissues and paracancerous tissues harvested from our hospital ( Figure 1E ). By analyzing LINC00668 expression in BC patients enrolled from our hospital, it indicated that BC patients with higher expression of LINC00668 experience a worse prognosis ( Figure 1F ). To further elucidate the potential biological functions of LINC00668, GSEA was utilized and the results showed that LINC00668 is mainly enriched in cell cycle and apoptosis ( Figure 1G-I) . The above data demonstrated that LINC00668 is closely related to the occurrence and progression of BC.
LINC00668 knockdown inhibited proliferative ability of BC cells
LINC00668 expression in BC cell lines (T47D, MCF7, MDA-MB-231 and MDA-MB-436) and normal breast cell line (MCF-10A) was determined by qRT-PCR. It is found that LINC00668 is highly expressed in BC cells than that of normal breast cells (Figure 2A ). We selected MDA-MB -231 and MDA-MB-436 cells with relatively high expression of LINC00668 for the following experiments. Subsequently, LINC00668 interference sequences were constructed and sh-LINC00668 1# and sh-LINC00668 4# obtained the highest transfection efficacy, which markedly downregulated mRNA level of LINC00668 in MDA-MB -231 and MDA-MB-436 cells ( Figure 2B ). To elucidate the proliferative rate of BC cells after LINC00668 knockdown, the growth curves of BC cells transfected with sh-NC or sh-LINC00668 1# and sh-LINC00668 4# were analyzed according to the absorbance at 450 nm. CCK-8 results showed lower absorbance in BC cells transfected with sh-LINC00668 1# and sh-LINC00668 4# at 48 h, 72 h, and 96 h, respectively (P<0.05, Figure 2C and D) . Besides, colony formation assay revealed that interference with LINC00668 expression inhibits the colony formation abilities of MDA-MB-231 and MDA-MB-436 cells ( Figure 2E ). EdU assay also suggested the decreased proliferative ability of BC cells after LINC00668 knockdown ( Figure 2F ). These results suggested that knocking down of LINC00668 can inhibit proliferative and colony formation abilities of BC cells.
LINC00668 knockdown promoted cell cycle arrest and induced apoptosis
The potential influences of LINC00668 on cell cycle and apoptosis of BC cells were elucidated here. The amount of MDA-MB-231 and MDA-MB-436 cells in G0/G1 phase markedly increased, whereas cells in S phase were reduced after LINC00668 knockdown, indicating the arrested cell cycle ( Figure 3A) . A d j a c e n c t t i s s u e B r e a s t c a n c e r
A d j a c e n c t t i s s u e B r e a s t c a b c e r A d j a c e n c t t i s s u e
B r e a s t c a n c e r that AKT/mTOR pathway is inhibited by LINC00668 knockdown ( Figure 4B ). It is speculated that knocking down of LINC00668 inhibits proliferative ability of BC cells through arresting cell cycle and induced apoptosis.
LINC00668 knockdown inhibited in vivo proliferation of BC
To elucidate whether LINC00668 could exert its biological function in in vivo proliferation of BC as well, we administrated BC cell suspension transfected with sh-LINC 00668 1# in nude mice. We observed that the tumorigenesis was slower in mice administrated with BC cell suspension transfected with sh-LINC00668 1# that of controls ( Figure 5A ). Twelve days after suspension administration, the tumor weight in mice of sh-LINC00668 1# group was remarkably lower than those of controls ( Figure 5B ). Besides, these mice expressed a relatively lower expression of LINC00668 in vivo ( Figure 5C ). H&E and immunohistochemical results showed lower positive expressions of Ki-67, CDK4 and Bcl-2, but higher positive expression of P21 in sh-LINC00668 1# group ( Figure 5D and E).
Discussion
As an emerging hotspot in tumor researches, lncRNAs in BC have been well concerned. Some certain lncRNAs in BC are abnormally expressed, which may be utilized as potential therapeutic targets. 21, 22 For example, the expression level of lncRNA MEG3 in BC is downregulated and closely related to the prognosis of affected patients. 23 LncRNA H19 is highly expressed in BC, exerting promotive functions of proliferation, invasion and drug resistance of BC cells. 23, 24 Hotair serves as an oncogene and is closely related to metastasis, drug resistance and poor prognosis of BC patients. 25 The important roles of lncRNAs in tumors have gradually become a crucial direction in molecular biology and clinical researches. According to the data in NCBI (Gene, NR_034100.1), LINC00668 has only one transcript with 1751 bp. Current studies found that LINC00668 is upregulated in gastric cancer and can promote the proliferative capacity of gastric cancer cells. 26 LINC00668 regulates VEGF signaling in oral squamous cell carcinoma by inhibiting miR-297. 27 However, the specific functions of LINC00668 in BC have not been reported yet. In the present study, we found LINC00668 is highly expressed in BC tissues than that of paracancerous tissues based on the heatmap of genome-wide expression profiles of BC. Consistently, LINC00668 expression was higher in BC tissues harvested from our hospital compared with that of paracancerous tissues. Survival analysis indicated the negative correlation between LINC00668 expression and the prognosis of BC patients. Knockdown of LINC00668 in BC cells markedly arrested cell cycle, inhibited proliferative and colony formation abilities, and induced apoptosis. It is expected that LINC00668 could be used as a novel diagnostic target for BC. It is well known that uncontrolled cell cycle would lead to excessive cell proliferation and canceration. 28 The regulation of the G1 phase in cell cycle is a complex process involving multiple cell cycle regulators, which is closely related to tumor development. 29 Cyclin and CDK are the core factors in cell cycle regulation. CyclinD/CDK4 and CyclinD/CDK2 are the rate-limiting steps in G1 phase,which is the major phase in initiating cell cycle for proliferation. Activation of CDK2 and CDK4 promotes transformation from G1 phase to S phase by regulating cell cycle-related proteins. 29 P21 is one of the major cyclin-dependent protein kinase inhibitors. It serves as a tumor-suppressor gene that inhibits cell division or induces apoptosis by negatively regulating CDK function. 30 et al found the accelerated growth of BC cells in the BC model of p21WAF1/CIP deficiency mice. 31 Downregulation of P21 inhibits anti-estrogen-mediated cell cycle arrest in human BC cells. 22 In addition, the PI3K/AKT/mTOR signaling pathway is involved in the regulation of cell cycle. 32 It is reported that PI3K/AKT pathway can upregulate the expression of Cyclin D by inhibiting the activity of GSK3-β, and meanwhile, it can also inhibit TSC2 activity and p27Kip1 expression, thus jointly promoting the progression from G1 phase to S phase. 33 The PI3K/AKT/mTOR pathway regulates the progression of G0-G1-S phase by activating Cyclin D and c-Myc accompanied with the Wnt pathway. 34 Our study demonstrated that LINC00668 knockdown in MDA-MB-231 and MDA-MB-436 cells markedly arrests cell cycle, inhibits proliferative and colony formation abilities through suppressing AKT/mTOR pathway. However, some shortcomings in this study should be concerned. The prognosis of BC patients is not only closely related to the proliferation of tumor cells but also related to the enhanced migratory and invasive abilities of tumor cells. In this experiment, we were not able to evaluate the regulatory effect of LINC00668 on migratory ability of cells. Further wound healing or Transwell assay should be conducted to elucidate the migration change of BC cells induced by LINC00668. Moreover, the potential influences of LINC00668 overexpression on biological performances of BC cells are needed to be verified, so as to improve the credibility of the experimental results.
In summary, this study firstly explored the role of LINC00668 in the development of BC. LINC00668 was highly expressed in BC tissues and cell lines, and its expression was negatively correlated with the prognosis of BC patients. GSEA analysis found that LINC00668 is mainly enriched in functions such as apoptosis and cell cycle. After interfering with the expression of LINC00668, the proliferative and colony formation abilities of BC cells markedly decreased, apoptotic rate increased, and cell cycle progression was significantly blocked. LINC00668 knockdown inhibited the AKT/ mTOR pathway. Consistently, in vivo experiments showed that the tumor formation ability and proliferative rate decreased after interfering with the expression of LINC00668. It is speculated that LINC00668 may act as an oncogene to promote the occurrence, development, invasion, invasion and metastasis of BC. LINC00668 is expected to become a new target for the future tumor treatment.
Conclusion
LINC00668 is highly expressed in BC tissues and can promote the progression of BC by inhibiting apoptosis and accelerating cell cycle progression.
